Abstract -Earlier proposed concepts for estimation of donor properties of solvents are briefly discussed and a comparison between some of the concepts is made for 53 solvents. The kind of solvents which can be regarded as strongly solvating are proposed for the further discussion. A comparison is also made of the solvation of typically soft and hard acceptors for a number of solvents. The solvation of univalent and some divalent ions in methanol, acetonitrile, dimethylsulfoxide, pyridine, tetrahydrothiophene and liquid ammonia have been studied by means of transfer thermodynamics from water. Oxygen donor solvents and nitriles solvate in general hard acceptors well and soft ones poorly. Amines, sulfur and phosphorous donor solvents solvate soft acceptors strongly while on the other hand they solvate hard acceptors poorly. The stability of a complex is in general inversely proportional to the solvation of the metal ion or complex and the ligand. The complex formation will therefore be weaker in solvents where the acceptor is strongly solvated. When the dielectric constant is lower than 10 the tendency to neutralization of charge through ion pair formation becomes important and the stabilities of neutral complexes will increase dramatically.
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CLASSIFICATION OF SOLVENTS
Several auhtors have proposed concepts for a general systematizing of the donor properties of solvents. It is, however, doubtful if such a general systematizing is possible. It is plausible that several donor scales for estimation of solvation ability of solvents are necessary because of the very different acceptor properties of metal ions and complexes.
The first concepts was originated by Gutman et.al. who introduced the donor numbers, DN, for the coordinating property of a solvent (ref. [1] [2] [3] [4] . The donor number is defined asthe -AH° value, in kcal mo11, of the formation of the 1:1 adduct between the donor solvent and the chosen reference electron acceptor antimony(V) chloride in dilute l,2-dichloroethane solution. Antimony(V) chloride is regarded as an acceptor on the border-line between hard and soft. In recent years alternative concepts to the donor numbers have been proposed (ref. [5] [6] [7] [8] [9] [10] [11] [12] in order to simplify the measurements and to extend the number of solvents. The donor number can not be determined for all solvents by the original procedure since other chemical reactions take place beside the adduct formation (ref. 5, 6, 11, 13) . No donor numbers have been reported for sulfur and phosphorous donor solvents. These will certainly react immediately with antimony(V) chloride and direct measurements of donor numbers are therefore not possible.
Indirect measurements of donor numbers are not always reliable (ref. 11) and such will not be further discussed in this paper. It has therefore been important to find a simple approach from which it is possible to estimate the donor properties of especially soft donor solvents. Mercury in mercuric bromide is regarded as a fairly soft electron acceptor and has been chosen as probe in the concept donor strength. Donor strength, , is defined as the difference between the symmetric Hg-Br stretching frequencies of the neutral mercuric bromide complex in gaseous phase and in a saturated solution of the studied solvent (ref. 6 ). Mercuric bromide is soluble and stable in all solvents studied except in liquid ammonia where it dissociates (ref. 14) and in isocyanates where it decomposes (ref. 6, 15) . 
RT1
The other proposed donor concepts (ref s. [9] [10] [11] show no correlations with those presented here (ref. 16 ).
Based on the values, the solvents dichloromethane-nitrobenzene in Table 1 can be regarded as non-coordinating, solvating only through London forces. Solvents in the range benzonitrileformamide are regarded as hard donors solvating mainly through electrostatic forces. The solvents pyridine-tributylphosphine are regarded as soft donors forming covalent bonds to soft electron acceptors. Solvents in the range trimethylphosphate-hexamethylphosphoric triamide are donors on the border-line between hard and soft.
Soft electron acceptors are most strongly solvated by solvents with strong electron donor properties, while the hard acceptors are mainly solvated through the electrostatic forces formed between the acceptor and the solvent molecules surrounding it. This means that the sequence of solvents for solvation of soft and hard acceptors will differ very much. In order to get a basis for the estimation of solvation of hard acceptors the concept hard donor strength, has been introduced (ref. 6 ). The is defined as Gibbs free energy of transfer of the sodium ion from l,2-dichloroethane. There is no correlation between the and the HD5 scales, as can be seen in Table 2 and Fig. 2 . Standard electrode potentials for some couples containing univalent or divalent ions in water, methanol, acetonitrile, DMSO, pyridine, tetrahydrothiophene and liquid ammonia are shown in Table 3 and Fig. 3 . With increasing solvation of the oxidized species in a couple the standard electrode potential will decrease and consequently with increasing solvation of the reduced species in a couple the standard electrode potential will increase. The transfer thermodynamics of some univalent ions from water to methanol, acetonitrile, dimethylsulfoxide, pyridine and tetrahydrothiophene are shown in Fig. 4 .
Cations
The standard electrode potentials of metal/metal ion couples are more positive in methanol than in water. This shows that the solvation of cations is in general weaker in methanol than in water. The donor properties of methanol are of the same order of magnitude as water, but water developes stronger electrostatic interactions, see Table 2 . In spite of positive free energies of transfer to methanol the heats of transfer are negative and consequently the entropies of transfer are negative. The negative entropies of transfer indicate that the overall order in the solutions increases on the transfer of a metal ion from an aqueous to a methanol solution. When an ion is hydrated in an aqueous solution, the order of the water molecules coordinating to the ion increases slightly, but at the same time the very wellordered aqueous bulk strukture is partly disrupted since water molecules have left for the hydration and the hydrated ions do not fit into it. In methanol, a larger increase in order around the ions is obtained, because the methanol bulk structure is not at all as wellordered as the aqueous one. At the same time the loss in order because of distruption of the bulk structure is thus much less. The negative heats of transfer are mainly due to more energy being consumed in water than in methanol when solvent molecules are forced out of the bulk structure for the solvation.
In acetonitrile, the picture is more complicated. The sodium and thallium(I) ions are even weaker solvated than in methanol. The other alkali ions are equally solvated in the two solvents. The univalent d1° ions copper(I), silver(I) and gold(I) are on the other hand stronger solvated in acetonitrile than in both water and methanol. The specific solvation of univalent d-° acceptors is especially pronounced for copper(I) . The heats and entropies of transfer to acetonitrile of metal ions are negative for the same reason as with methanol. The especially strong solvation of the copper(I) and silver(I) ions are accompanied by substantially more negative heats of transfer than for the other metal ions, giving entropies of transfer similar to the other cations.
The standard electrode potentials of all couples are lower, and the metal ions are more strongly solvated in DMSO than in water. DMSO forms stronger interactions to both hard and soft acceptors than water, see Tables 1 and 2 . The heats and entropies of transfer are negative for most cations. DMSO is an oxygen donor to most cations including all cations in Fig. 4 . DMSO act, however, as a sulfur donor to especially soft acceptors as palladium(II) and platinum(II) (refs. 24-26) .
The transfer thermodynamics of single ions to pyridine have many similarities with those to acetonitrile. The alkali ions are more weakly solvated, the thallium(I) ion is equally solvated and the copper(I), silver(I) and gold(I) ions are more strongly solvated in pyridine than in water. The heats and entropies of transfer in pyridine show the same trends as in acetonitrile, but the absolute values are much larger in pyridine. Pyridine is a markedly stronger donor solvent than acetonitrile and pyridine has an even lower degree of bulk order than acetonitrile.
It has only been possible to determine the complete transfer thermodynamics for a limited number of ions to tetrahydrothiophene because of low solubilities and incomplete dissociation. In spite of a very positive value for the sodium ion, marked negative heat and entropy of transfer are observed. The soft acceptors copper(I) and silver(I) ions are as expected strongly solvated in tetrahydrothiophene. It is of interest to notice that silver(I) is more strongly solvated in tetrahydrothiophene than in pyridine, while the opposite is found for copper(I). Of these ions and solvents silver(I) and tetrahydrothiophene are regarded as the most soft ones, respectively. It has also been found that sulfur donor solvents only solvate typically soft acceptors well, because these solvents form strong covalent interactions but only very weak electrostatic ones, see Table 2 .
All cations are solvated markedly stronger in liquid ammonia than in any other solvent studied as can be seen from the very low standard electrode potentials of all metal/metal ion couples, see Table 3 and Fig. 3 .
Anions
The solvation of anions follows a quite different pattern than the cations. The differences in solvation between the solvents examined are furthermore fairly small. This is because only electrostatic forces are formed between the anion and the dipoles of the solvent molecules surrounding it, apart from the substantially weaker London forces, are due to the solvation. The donor properties of the solvents are of no importance for the solvation of anions, which are donors themselves. The halides are especially strongly solvated in solvents prone to form hydrogen bonds. The strength of the hydrogen bonds of the halides decreases in the order C1 > Br> 1.
COMPLEX FORMATION IN STRONG DONOR SOLVENTS
A fundamental difference between complex formation reactions with charged ligands in protic and aprotic solvents is that the entropy terms are generally much more favourable in the aprotic solvents. This is because of the lower degree of bulk order often found in these solvents. The overall decrease in order is a result of desolvation processes where strongly coordinated solvent molecules leave the metal ion upon complex formation for the solvent bulk. This is especially pronounced in strongly donating solvents with low bulk order; protic solvents are always well-ordered because of the hydrogen bonding. Another difference between the two categories of solvents is that ligands forming hydrogen bonds are especially well solvated by protic solvents. The complex formation with such ligands in protic solvents will therefore be weaker than in aprotic solvents.
The dielectric constant of the solvent must be considered when stabilities of complexes are accounted. Salts very rarely dissociate in solvents with dielectric constants lower than 6-7. It has not been possible to determine any transfer thermodynamic parameters for the Ph4As+ and BPhZ ions in such solvents and consequently not for other ions either because of the applied TATB assumption. Solvents belonging to this category are alkanes, alkenes, many ethers, amines, several sulfides and thiols, thiophenes, phosphines and organic phosphites. Many salts can be dissolved in these solvents, but because of the low dielectric constants they do not dissociate. In solvents with low dielectric constant, the charge on ions can not be neutralized through solvation and instead the charge is neutralized by formation of neutral ion pairs. The electrostatic forces between ions become therefore more predominant in such solvents. The stability constants of neutral complexes will thus be very high in such solvents. The effect on the complex formation in a solvent with a low dielectric constant is shown by thermodynamic studies on the complex formation in tetrahydrothiophene. The estimated constant of tetrahydrothiophene is about 8, a value just above where the ion pair formation predominates. The stability constants of the first neutral copper(I) complexes are proportional to the solvation of the copper(I) ion in each solvent respectively, except in water and tetrahydrothiophene, see Fig. 7 . The CuC1 complex is weaker than expected in aqueous solution because of strong hydrogen bonding between water and chloride ions, free as well as coordinated. The neutral copper(I) halide complexes are about ten to the power of three stronger than expected from the solvation of the copper(I) ion in tetrahydrothiophene. This increase in stability is certainly due to increased tendency to ion pair formation in solvents with low dielectric constants. On the other hand, the stabilities of the second copper(I) complexes are proprotional to the solvation of the first complex in all solvents, see Fig. 8 . This is to be expected when a charged complex is formed and no charges are neutralized as when the first complex is formed.
All copper(I) halide and thiocyanate complexes are strongly entropy stabilized in all nonaqueous solvents studied. The most favourable enthalpy terms are found in DMSO, thus the solvent solvating copper(I) most poorly of those used. Copper(I) is strongly solvated in the nitrogen donor solvents acetonitrile and pyridine. All complex formation reactions with halides and thiocyanate are endothermic in these solvents. This means that more energy is consumed for the desolvation compared to what is gained through the formation of a copper(I)-halide/thiocyanate bond; this is valid for both steps. In tetrahydrothiophene the enthalpy change at the formation of the first step is around zero, while the formation of the second complex is very strongly endothermic. It can be assumed that a substantial desolvation takes place when the second complex is formed. The CuX complexes are more weakly solvated in tetrahydrothiophene than in the other solvents. It is plausible that no solvent molecules are coordinated in the inner coordination sphere and the solvation is therefore proportional to the strength of the electrostatic forces the solvent can exert. As shown above, tetrahydrothiophene forms considerably weaker electrostatic forces than the other solvents studied, see Table 2 .
The formation of silver(I) halide and thiocyanate complexes have only been studied in pyridine and tetrahydrothiophene because of very low solubilities of the neutral complexes in the other solvents. As found for copper(I) complexes, the silver(I) halide and thiocyanate complexes are considerably more stable in tetrahydrothiophene than in pyridine for the same reason as discussed above. The enthalpy changes become more negative in the order 1>Br>Cl, since also the covalency of the formed bond also increases. This is to be expected for a typical soft acceptor as silver(I), where the degree of covalency in a bond depends on the nature of the donor. As for the copper(I) halide systems, a very extensive desolvation takes place for the silver(I) systems when the second complex is formed.
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